An electrophoretic variant of lactate dehydrogenase (LD) M(A) subunit was discovered in a female patient with chest pain. Her LD activity in serum was within the normal reference interval, and analysis of her LO isoenzyme pattern showed an abnormal migration indicating a fast-type LD-M(A) subunit variant. DNA analysis of the mutant LD-M gene detected a single base substitution, an A to G transition at codon 220 (AAA-.GAA). This mutation resuited in the replacement of a lysine by a glutamic acid (mutation K220E) and produced a subunit variant (electrophoretic fast type). This missense mutation was also observed in the patient's son, and genotypes of mother and son were consistent with their biochemical phenotypes, as evaluated by LD isoenzyme analysis.
IndexingTerms: isoenzymes/genetic variation/single-strand conformation polymorphism
In human somatic tissues, five isoenzylnes of tetrameric lactate dehydrogenase (EC 1.1.1.27; LD) are formed in vivo by a combination of the LD-M(A) (muscle) and LD-H(B) (heart) subunits. 7 Expression of the mammalian genes for LD-M and LD-H is developmentally regulated and tissue-specific (1, 2). The genomic organization of the human LD-M and LD-H genes has been elucidated, and their protein-coding sequences are known to be interrupted by six introns at homologous positions (3, 4). hemolysates were heated to 60#{176}C. Aliquots were removed at intervals of 0,5, 10, and 20 mm and chilled rapidly on ice-cold water. The remaining LD activity was assayed with a spectrophotometric assay.
Genetic variants of human LD isoenzymes have

DNA analysis.
Genomic DNA was extracted from whole blood by a modification of the procedure of Kunkel et al. (18) . Each of the seven exons in the LD-M gene was amplified separately by use of the polymerase chain reaction (19) with two primers of intron sequences (Table 1) . At first, amplified products containing exon 7 were analyzed by agarose gel electrophoresis after restriction enzyme digestion with endonuclease AatI to determine whether the patient's mutation resulted from 
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Results
The electrophoretic analysis of LD isoenzymes in serum and erythrocyte hemolysates from the patient indicated that the LD-2, 3, and 4 bands had faster mobilities and appeared broader than normal. The LD-2, 3, and 4 regions contained two, three, and four subbands, The LD-1 region had only one band, and the LD-5 region was very faint (Fig. 1) . The observed pattern was similar to that in the report of Sudo et al. (14) (five bands for LD-5, four bands for LD-4, three bands for LD-3, two bands for LD-2, and one band for LD-1), and was consistent with the heterozygous presentation for a mutation of the genetic locus controlling synthesis of the M subunit. The patient's son, whose LD activity was 449 U/L, exhibited an electrophoretic pattern similar to his mother's. However, her two daughters (the first one with LD activity of 307 U/L; the second with LD activity of 263 UIL) had normal patterns of LD isoenzymes. Heat stability experiments suggested that the LD isoenzymes from the patient's hemolysates showed almost the same heat stability as the normal control (data not shown).
Because the amplified DNA fragments containing exon 7 of the LD-M gene from the present patient was not cleaved by digestion with the endonucleaseAatl, the patient cannot have the same missense mutation as the previous patient reported by Sudo et al. (14) . Thus, we amplified DNAS containing each of seven exons and performed SSCP analysis. The patient displayed an ab-
normal migration of the amplified exon 5 (Fig. 2) . Further sequence analysis of the amplified and cloned exon 5 consistently led to the recognition of a base substitution, an A to G transition at codon 220 (AAA-r'GAA).
This mutation resulted in the replacement of a lysine by a glutamic acid (K220E) (Fig. 3) . 
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Ref. This missense mutation of codon 220 created an additional restriction site GAAGA(N8) for endonuclease MboII in exon 5 of the LDH-A mutant gene (Fig. 4, top) cleaved by MboII to yield a 226-bp band, whereas onehalf of the amplified DNA fragment from the patient was cleaved into 195-and 31-bp bands, confirming the heterozygosity of the K220E mutation (Fig. 4, bottom) . Using the same restriction enzyme, we also identified her son as being heterozygous for this missense mutation. Their genotypes were, therefore, consistent with their biochemical phenotypes, as evaluated by the LD isoenzyme pattern. cidentally than M variant cases, and most of the H variants are the slow type (24). One possible reason for the predominant detection of H variants is that LD-4 and LD-5 isoenzymes, the forms that contain more M subunit than H subunit, are present in much lesser amounts in serum. The present case of a fast-type LD-M variant is a rare type of electrophoretic variant of LD isoenzymes.
Discussion
LD protein has four functional domains: the N-terminal arm, the coenzyme-binding domain, the loop and a-D helix region, and substrate-binding domain. Residue 220 is involved in a turn from 13Jto ajG (25) and is not buried in the interior of the protein. Lysine at residue 220 is not conserved among vertebrate LD-X (3, 4, 26-30 We previously reported eight single-base substitutions in the mutant genes of patients homozygous for LD-H unstable variant (9,12), individuals heterozygous for LD-H deficiencies (11, 13), an individual heterozygous for LD-M electrophoretic variant (14), and individuals heterozygous for LD-H electrophoretic variant (15, 16) (Table 2 ). Here we describe the second case of genetic mutation resulting in the electrophoretic LD-M variant. Four of these nine single-base substitutions (including the present mutation, K220E) are transitions, and three (M-314, H-35, and H-173) of these nine substitutions occur at CG dinucleotides, which has been reported to be a mutational "hot spot" (31). Further, five (at H-35, H-131, H-172, H-173, and H-176) of these nine amino acid substitutions were located in the interior of LD molecule and caused conformational J changes, thus resulting in unstable variants or defi- 
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